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@ Porous sintared tuklias and aolM oxMa fual calla uaing auch porous aintarad liodlaa as i 
alactrodaa. 



@ A porous sintered body is oomposad of a perovskite-fype composite oxkje, wtierein A-slta of tha 
composite oxide are occupied by one or mora kinds of first metallb elements selected from the group 
consisting of calckim and strontium, one or wofB kinds of second metal elements selected from the 
group consisting of rare earth elen>entB and yttrhim excluding lanttianum and cerium, and lanthanum, 
the above one or more kinds of the frst metallic elements amount to 5 to 70 mol% of tha Araiaa, and 
manganese is contained in B-sites of the composite oxkla. 
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BACKGROUND OF THE iNVENTlON 

(1) Fbldortho Invontton: 

d Tho prsoent tnventfon rolatoo to ponnjo ointerod bodios ond odkl oMq f ug) cgIIo uoling ouch ponmo oliv 

tered body GO atr Gioctrodoo. * 

(2) RGtctGd Art St&tGmont: 

10 In developing solid oxide fuel cells (SOFC). It is important to discover materials stable eit high temperaturos. 
As a material for air electrodes of the SOFC. lanthanum manganite sintered bodies have novt boon conoldGrod 
promising (Energy General Engineering, No. 1 3. Vd. 2. pp 52-88. 1 980). As such lanthanunn manganite sintered 
bodies, some having almost chemically stotehiomstric compositions or other having manganeoe-rteh compo- 
sitions In vifhich no elements are present in a part of A-sltes (to be occupted by lanthanum), are Cuto^n. It Is 

15 reported that the lanthanum manganite sintered body having the composition In which no (Elements are present 
in a part of the A-sites decreases Its weight as the temperature rices from room temperature to iOCO'C (J. 
ELectrochem. Soc. vd. 138. No. 5, pp 1519-1523. 1^1). 

In this case, the weight of the sintered body begins to decrease from near dOO^'C. In porticulsir. a poroais 
sintered body composed of lanthanum manganite doped with Ca or Sr at A-sites la considered promising os a 

20 material for air electrodes induding self-supporting type air electrode tubes. 

SUtVIMARY OF THE IMVEMTIOM 

However, the present inventors have first found out that there exist the fdiowing probaems with respect to 
as such a porous sintered body. That is. it was darif led that when a SOFC unit cdl with this ipcrouQ sintered body 
is subjeded to heating-coding cyding (heat cyding) between a temperature range of ^QO^C to 1100<C ®o a 
power-generating temperature range of the SOFC and a temperature rarige of room temperature to 600<*C. 
crsdting occurs between the air eledrode made of the above porous sintered body and other constituting ma- 
terials of the unit ceil to breaSc the unit ceD. 
30 In addition, on the other hand, even if the above unit cell was operated at lOOO^C for an extended time 
period, such cradung did not occur at all. Therefore, it is consMered that the above cracCdng phenomenon is 
caused not by firing shrinlcage of the porous sintered body but by dimensbncd chango due to dimensional 
changes In the heat cyding. 

In order to sdve the above problem. NGK Insulators, Ltd. proposed a technique that th® dimenstonai shrirtCt- 
35 age caused by the above heat cyding between room temperature and lOOtTC is reduced by repladng a part 
of lanthanum atoms at A-sites of the lanthanum manganite porous sintered body by a greater amount of caldum 
or strontuim as compared with the conventional porous sintered bodies (Japanese patent applicatbn No. 5- 
49.314 filed on March 10. 1993 but not yet published). 

However, it was darif led that the coeff ident of thennal expansion of such a lanthanum manganite porous 
<w sintered body becomes greater than that of the conventional materials for the air electrode. For this rsason, 
since the coeff ident of thermal expansion of the air eledrode becomes greater than those of other constituting 
parts of the SOFC unit ceQ, particularly, that of the solid dedrolyte film, it is feared that cradung n^ occur 
between the air eledrode material and the other constituting parts. On the other hand, it is known that the 
appropriate average coeff eccant of thermal expansion of the lanthanum manganite sintered body as the atr elec- 
ts trode is preferably in a range of 10.2 x KHK-^ to 10.8 x 10^-i (See U.S.Patent No. 5,108,850, column 3. line 
12). 

An object of the present Invention is to afford stability upon the porous sintered body against the above 
heat cyding, and is to suppress the average coeff ident of thermal expansion of the poraus sintered body to 
a relatively low range of 10.2 x lO-^K-^ to 10.8 x 10-QK-^ 
so The porous sintered body according to the present invention is composed of a perovsEdte-type compost 
oxide, wherein A-site of said composite oxide are occupied by one or more kinds of f erst nuetallic elements se- 
lected f rornthe group consisting of caldum arid strontium, one or more kinds of second metallcc elements 
lected from the group consisting of rare earth elenrtent and yttriu m exd uding lanthanum and cerium, and lan- 
thanum, said one or more kinds of sakJ f erst metallk: elements amount to 5 to 70 md% of said A-sites, and 
55 manganese Is contained in B-sites of the composite oxide. 

Further, the present invention Is aimed at the provision of a sdid oxide fuel osll induding an air eledrode 
made of the above porous sintered tody. 

First, the phenomenon that the porous sintered body undergoes dimensional shrinkage through heat cy* 
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cling will bo oxpleinod. The prosont invontoro oubjoctod oonvontbnal lonthanum nr^ngonUo porouo olntcrcd 
bodioQ to tho hGCting-cooling cyding betwoon o tompdraturo rcngo of 900^C to 1100^ ortd o tomporotuTQ 
rango of room tomponaturo to 600*0. end Gxomlnod thotr otQblllty. In ouch lontheinuTn mangonito ointorod bed- 
iOQ, 10 moJ% to 25 mo)% of tho A-oitoo wgto roplooQd by otronthxm or cdldum. 

5 Aa 8 rooutt it was darlf isd that tho abovo porous olntorod body woo dimQnoiondly ohninSt In on oiitount 

of 0.01 to 0.04% por ono heat cyding In tormo of length. In addition, tho ohrinS^o In tho haot cyding t^o not 
convorgod ovon aftor appUcstion of 100 hoat cydoa. and emountGd to 2-4% of tho OTtglnol dlmonslon In tho 
100 boat cydoa. It was also darlfiod that whon tho air oloctrodo Is shrunk llko this. crad(Eng occurs botwoon 
the air eloctrodo and tho othor constttuont matorials to broQk tho unit coll. 

fO The prosont inventors have proceeded with their research In ordor to sdvo tho above problom. As q losust. 
the Inventors had discovered that in the caso of the porous sintered body composed of the composite ontdo 
having the at>ovo composition, the dimensbnal shrinkage caused by tho hoat cyding between room tompor- 
ature and lOOO^C can be suppressed to not rrtore than 0.01% per one heat cyde. In addltton. It was conftrrT^ 
the even If this porous sintered body is subjected to the heating-cooling cyding between the temperature fQTtgQ 

15 of room temperature to dOOX and the temperature range of 800°C to 1100*C, no cradting occurs between 
the porous sintered body and the other constituting materials. 

Furthermore, according to the above porous sintered body, it was darlfiod that the average coeffldont of 
thermal expansion In a temperature range of 25''C to 1000**C can bQ suppressed to a relatively low range of 
10.2 X 10-^-^ to 10.8 X 10^-^ Therefore, when the porous sintered body of the present invention is used os 

20 a high temperature electrode material such as an air elodrodo material in tho SOFC, craddng and broGS^^go 
are difficult to occur due to difference in the coeff ident of thermal enpansion between the cit\& oon&titutii^ 
materials. 

In the at»>ve. that the dimensional shrinkage is not more than 0.01% per one hoat cyde means that when 
the porous sintered body is subjected to 10 heat^cyd^beginning from tHef irot one after being sintered, tho 
25 average dimensiond shrinkage in these 10 heat cydos Is 0.01%. 

These-and-other optional features and advantages-of-tho-invention-wlll-be appreciated upon readirtg tho 

following description of the Invention when taken In conjunction with the attached drawings, with tho uRdor- 
standing that some modlf icatbns. changes and variattons can b3 easily made by the skilled person In tho art 
to which the inventbn pertains. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a t)etter understanding of the invention, reference is made to the attached drawings, wherein: 
Fig. 1 is a graph showing average coeff ectents of thermal expansion measured with respect to porous san- 
35 tered bodies having compositions of La-Ce-Nd or Y-Mn series; and 

Fig. 2 is a graph showing average coeff k:ients of thermal expansion measured with respect to porous sin- 
tered t>odies having compositions of La-Ca-Y-Mn series. 

DETAILED DESCRIPTION OF THE INVENT80N 

The present inventors have proceeded with further research on a mechanism by which the porous sint^ed 
body is dimensionally shrunk due to the above heat cyding. As a result, the inventors found out that if a value 
obtained by dividing the weight of the porous sintered body at 1000^ by that at room temperature is set at 
not less than 0.9988, the above dimensional shrinkage is conspicuously suppressed. That e. if the porous sin- 
45 tered body is heated from room temperature to a high temperature of around 1 0OO^C, the weight of the poreus 
sintered body decreases, and this weight decrease has dear correlattonship between the dimensional shrink- 
age in the above heat cyding. 

The mechanism controlling the above phenomenon has not been darif ted at present However, when the 
temperature is raised from room temperature to around lOOO^C. the weight of the porous sintered body sightly 
so decreases, whereas when the temperature is lowered to room temperature again, the weight is restofft2>d. The 
dimensionally shrunk amount of the porous sintered body due to the above heat cyding slightly varies depend- 
ing upon the aystalline partide diameter of the crystals constituting the sintered body, and the heating rate, 
the coding rate, and the partial pressure of oxygen in the atmosphere during the heat cyding. That is, as the 
crystalline partide diameter decreases, as the heating and coding rates are decreased, and/or as the part^l 
55 pressure of oxygen becomes higher, the dintensionally shrunk amount of the porous sintered body increases. 
In order to decrease the dimenstonally shrunk amount due to the heat cyding, it is preferable that the average 
crystalline partide diameter of the porous sintered body is set at not less than 3 

From the above, it is presumed that oxygen comes in or out of the crystals of the composite oxide in a 
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tGrnporaturo rango of not loss than BOO^C during Iho abovo hoot cydlng. which ccusgq changoQ In tho viKslght 
of thQ porouo sintorcd body. It lo consWarod that whan oxygon ccmoo tn ox out of th© ayotolo. tho cryotoDlno 
lattico to diotortod. material tranafor of metallic atomo lo promotod, and th© ointoring phonomonon of ttio pomio 
body procccdo. 

Furthor, tho prosont Inventoro havo found through furthor roooarch that tho activating onorgy for tho doc- 
trtc conductivity of tho porous blntonad body (horolnaf tor roforrod to oo "ecthrattng onorgy^) hoo door comity 
tionahip to tho dlmonatonally shrunk amount In tho abovo host cycling. That to. «/hon on ArronHio'o pioto t:;s70 
prepared ovor a wide range of 2C0«C-1000'C, It wao rovoalod that din»onslonGl ahrinCiago in tho hoat cycling 
procoodod with respect to porous sintered bodlos in which a dear difference was obaerved between tho oo- 
tlvatton onorgy In a rango of 200*C to 60a*C and that in a range of StWC to 1CQ0X. 

WfeejlpMfte^ly..lt was darif ied.that lf.dlfference la set at not nrtora than O.-01-eV between the acthfatton 

energy in tho rango of 200**C to 600<^C and that In the rai^o of SOO^C to KMKrC. the dimensional shrtnSiego 
due to the heat cydlng between room temperature and lOOO^C can be suppressed to not mora than 0.01% 
per one heat cydo. 

The composition of the composite oxide constituting the porous sintered body according to tho present 
invention is preferably expressed by the fdlowlng formula: Lai. yAxDYMnvzEzOj in which La. Aand O occupy 
A-sites of the composite oxide, and Mn and E occupy B-sttos thoroof. 

"A" denotes one or more kinds of the first metals selected from the group consisting of caldum and otrorv 
tlum. denotes one or more hinds of the second nr^tal selected from the group consisting of rare earth oJo- 
20 ments exduding lanthanum and cerium, and yttrium. The second metals Include scandium, yttrium, pjosoo- 
dymium, neodium, promothium, samarium, europium, gaddinlum. terbium, dysprosium, hdmlum. eirtolum, thu- 
lium, ytterbium, and lutotlum. The second metallic elemsnts ere praferably selected from the group oondotir^ 
^ ^of praseodymium, neodymium. samarium, dysprosium, gaddinlum and yttrium. 

• The sut^ltutihgrate X of tRo"f Iretlnefelllc^am^ 5 to 70 md%, preferably 2S to 50 md%, 

of tho A-slt®8 of the porous sintered body. The substituting ratto Y of the second metallic demont T)" Is pro- 

iefably-44ommd%,^iKaio-preforabJy-20^ 

The substltutirig ratio (1-X-Y) of the lanthanum far the A-aites b preferady 1 md% to 94 ffnd%. 
"E" denotes one or more kkids of the third metallic dements sdected from tho group consisting cf dumh 
num. cobalt magnesium and nid(d. and the remainder of ttio B-sites are occupied by manganooo. Tho oub- 
stituting ratio Z of tho third metallic element may be 0 md%. In this case, the B-sltes of the oomposito oxtde 
ara occupied by manganese. Therefore, the above fbnnula is represented by the fQnmula: Lat.».yAxDvC^nQ). 

When a part of the B-sltes ara replaced by the third metallic denrtant 'TE", the substituting ratio Z is paefer- 
ady not more than 20 md%. Further, 5 to 20 md% is mere preferaWo. 

In the above fcrmuJa: Lai.)t.yAxDyMn,.,E20s, the third metallic dements repladng a part of the B-sites 
35 may be selected from the group consisting of chromium, copper. Iron, titanium and zinc. In this catse. the sub- 
stituting ratio Z of the third metdtic elements •'D^ is not mere than 20 md%, and more preferably 5 to 20 md%. 

Furthermore, a part of the B-sites may be replaced by one or more kinds of the third metdllc elerrtents 
sdeded from the group consisting of aluminum, cobalt, magnesium, nickd, chromium, copper, iron, titanium 
and zinc. In this case, the porous sintered body may be represented by the formda: La|.x. vAxDyMnt. o- bOoJbO*. 
40 In this formula. G and J represent respedhrdy different third metallic dements. The total fa ^ b*^ of the 
substituting ratio V of G and that °b' of J is preferably not more than 20 md%, and more prafisrady 5 to 15 
md%. 

The total ratio of lanthanum, the ratio of the total number of and T)° ntetaDIc atoms rdathfe to that of 
metallic atoms of manganese and third metdlic elements ^'E" (or further G J) at the time of the formulation, 
45 that is. the ratio of the totd number d the atoms at the A-sitesmie totd number of the atoms at the B-sitss, is 
preferably not less than 0.85. and more preferaWy 1 .05 so as to obtain a single phase in the composito oxido. 
In the above formula, the relative ratios of the A-sites and the B-sites ars nd given due to their oompjexity, 
but it is self-evident to insert such rdative ratios into the formula. Further, when a solid eledrdyta is provided 
adjacent the porous sintered body, the porous sintered body is preferady a composition which will not produce 
so a h^h rssistanoe layer of La2Zr207. 

In the porous sintered body of the present invention, it is acceptade that impurities inevitady muted into 

the-composite oxide during the produdion ara contained. — 

The porous sintered body according to the present invention may be favorably used, particularly, as a high 
temperature eledrode material stade against the heat cyding. As such h^h tempsratura dedrode materfeils, 
an eledrode materid in nudear fusion furnace and MHD generator may be recited. The porous sintered body 
of the present invention can be particdarly favorady used as aitiaterial for the air dedrode of the SOFC. Fur- 
ther, the invention porous sintered body may be used as a material for the self-supporting type air dedrode 
substrate d the SOFC (hereinafter referred to as air dedrode substrate). 
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The above air electrode substrate may be used as a base body for a unit ceO. Upon the air electrode sub- 
strate, various constituent parts such as a solid electrolyte film and a fuel electrode film are laminated one 
upon another. At that time, the air electrode substrate may have a cylindrical shape with opposite ends opened, 
a bottomed cylindrical shape with one end opened and the other closed, or a planar shape. Among them, the 
cylindrical shape is particularly preferred, because the air electrode substrate Is diffioutt to undergo thermal 
stress and Is easy to be gas-tightly sealed. 

The porosity of the porous sintered body Is preferably 5 to 40%. When the porous sintered body is used 
as the material for the air electrode In the SOFC. the porosity of the sintered body is more preferably 15 to 
40%. and most preferably 25 to 35%. In this case, when he porosity of the air electrode is not lass than 15%. 
the gas-diffusing resistance is low. whereas if it is not nr^ than 40%, strength can be ensured at a certain 
level 

In the following, more concrete experimental results will be explained. 

Experiment 1: 

(1 ) Production of experimental materials 

As starting materials. LaaOj. MnjO*. CaCO,. Y2O3. OyjOj. SmjO,. Pr^„. SrCOj. NIO and CoO were 
used. In each Example, the starting materials were selectively measured and mixed to given a compound- 
ing recipe shown in Table 1. The resulting mbced powder was molded under pressure of 1 tf/cm^ by cold 
isostatic press, thereby obtaining a nrK)ldlng. The molding was thennally treated at 1450**C for 10 hours, 
thereby synthesizing a composite oxide having a composition shown in Table 1. 

The resulting composite oxide vtras ground in a ban mill to obtain the powdery composite oxide having 

the a verage particle diameter of about 5 fim. Then, polyvinyl alcohol was dispersed, as an o rganic binder, 

*nfo the composite oxide powder, and the mbcture was molded into a rectangular plate by uni-axial press. 
The resulting molding was fired at 1300<>C-1500«C in air for 4 hours, thereby obtaining a sintered body. 

cut out from this sintered body. no^rof were 

(2) Measurement of porosity 

Porosity of each experimental sample was measured by a water-replacing process. Results are shown 
in Table 1. 

(3) Measurement of the average coefficient of thermal expansion 

Each sample was subjected to heating and cooling between 25**C and 1000X. and a dimensional 
change of the porous sintered body was measured. The average coefficient of thermal expanston in this 
temperature range was determined. 

(4) Measurement of the dimensionally shrunk rate In heat cycling 

Each experimental sample was heated up to 600«C in air at 200**C/hr.. and was subjected to 10 heat 
cydes between GOO^'C and 1000<*C while the heating/cooling rates were set at 200X/hr. Then, the sample 
was cooled to room temperature. At that time, the sample was kept at each of 600**C and 1000*C fdr 30 
minutes in each heat cyde. Thereafter, the dimension of each experimental sample was measured by using 
a mferometer. and a dimensionally shrunk rate between before and after the heat cyding was determined. 
Measurement results are shown in Table 1 . 
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Table 1 
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Sample No. 


Composition 


Porosity (%) 


Avarage coefficient of 
thermal expansion 

(x 10^-1) 


Coefficient of 
dimensional shrinkage 
(%/10 cydes) 




1 


Lao^CatuYalMnOa 


40.0 


10.6 


0.00 




2 


LBo^CaojDy^jMnO, 


30.5 


10.6 


0.00 


10 


3 


LaojCaojSmofiMnOs 


30.7 


10.2 


0.01 




4 


LaojCaojProjMnOs 


31.1 


10.7 


0.00 




11 


LaooCaojMnO) 


29.9 


12.2 


0.05 


19 


12 


Lao^CaoisMnOj 


28.7 


11.2 


0.24 




13 


LaojCaojMnOj 


31.7 


10.8 


0.16 




14 


Lan TicCan •McMnO* 


09M 


11.2 


0.10 


20 


1S 




35^ 


11.4 


0.02 




16 


LBoMCaoasMnOa 


34.0 


11.7 


0.01 






LaojCaftaMiVusNlaoiO 










25 


— ^7 


3 


33.1 


10.8 


0.30 






1 flft aCflft ->M|\a /vf!fLx ..O 










18 


3 


sT.i" 


11.1 


0.02 


30 


19 


Lao^CaojMno^io.i03 


30.7 


11.1 


0.01 




20 


Lao^ro.iMnQ3 


34.2 


12.2 


0.12 




21 


Lao^fo^nQs 


39.9 


12.0 


0.10 


35 


22 


LacTSro^MnOs 


38.9 


12.4 


0.02 



As Is seen from JatAe 1, in Sample No. 11 as a comparative example, the replacing amount of calcium is 
10 mol%. the dimensionally shrunk rate is small. But the average coefficient of thermal expansion is large. In 
Sample No. 12 as a comparative example, the replacing rate of Ca Is 15 mol%. and the dimensionally shrunk 
40 rate and the average coefficient of thermal expanston are knith large. In Sample No. 1 3 as a comparative ex- 
ample, the average ooeff cient of thenmal expansnn is 10 J x 10-^-i due to increase In the replacing amount 
of calclun). txit the dimenstonally shrunk rate is large. 

In Sample Nos. 14. 15 and 16 as reference examples, as the replacing amount of calcium increases, the 
dimensionally shrunk fate decreases, but the average coefficient of thermal expanskm suooessh^ely increases. 
45 in Sample No. 17 as a reference example, the average ooeffk:ient of thermal expanston is 10.8 x 
1 but the dimensionally shrunk rate is greater than in Sample No. 1 3. In Sample Nos. 1 8 and 19 in which 
a part of the B-sites is replaced by cobalt or nickel, the dimensionally shrunk rate is very low, but the average 
coefficient of thermal expansion is more than 11 x 10^-^ 

In each of Sample Nos. 20, 21 and 22, the average coeff fcient of thermal expanston is more than 12 x 
so l(HK-^ In Sample No. 22, the dimenstonally shrunk rate is decreased by increasing the replacing amount of 
strontium, but the average coefficient of thermal expansion is inversely increased. 

— LzTo the contrary, in Sample Noe.-1-through 4 as examples of the present invention in which the A-eites of 
the composite oxkJe are occupied by lanthanum, calcium, various rare earth elements and yttrium, the dimen- 
sionally shrunk rate due to the heat cycling is small, and the average coefficient of thenmal expanskui is more 
S5 conspicuously reduced as compared with Sample Nos. 15 and 16. 

With respect-to each of Sample Nos. 12, 13, IZ and 21, the present inventors measured the dimensional 
-change of-the porous sintered body In a temperature range of 25*C to 1000«C by using a thermal expanskm 
meter, when the average coefficient of thermal expansion was measured. As a result, the inventors discovered 
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that the dimensional shrinkage occurs In a temperature range from 900^C to 800^C when the tempmitune Is 
being lowered. Therefore, it is presumed that oxygen atoms are absort>ed or metallic atoms move during this 
temperature range. Further, It was confirmed that the results in the heat cycling between 600*C and lOOO^C 
as the instant test condition are the sanrie in heat cycling between room temperature and lOOO^'C. 

5 With respect to Sample No. 12. It was held at in air for 10 hours, and cooled to room temperature. 

The measurement of the dimenslonally shrunk rate between before and after the heating gave the shrinkage 
of 0.03%. on the other hand, it is seen from Table 1 that the dimenslonally shrunk rate per one heat cycle was 
0.024% with respect to 10 heat cydes after the firing. Therefore, the shrinkage of 0.03% is substantially equal 
to a dimenslonally shrunk amount in one heat cycle. From this result, the above din^ensional shrunk amount 

10 of 0.03% did not occur during when the sample was held at 1000*^ for 10 hours, but It occurred during the 
temperature-descending period In which the temperature was lowered from lOOO^C to room temperature. In 
other words, the phenomenon that the porous sintered body Is shrunk In the above heat cycling Is caused by 
a mechanism quite different from a mechanism according to which the sintering of the porous t>ody proceeds 
by holding It at a high temperature. 

(Experiment 2) 

As in the same as Experiment 1 . given amounts of starting materials were selectively measured and mixed 
in each example to give a compounding recipe shown in Table 2 or 3. As the starting materials, LbsO). Mn304, 
20 CaCOs. YzOs. NiO. CuO. DyaO,. MgO. SnbOa, AlaO,. NdaO,. CoO. SrCOs. and Cr2Q3 were used In the form 
of powder. 

in each Example, a porous sintered body was produced In the same manner as In Experiment 1. end the 
porosity, the dimenstonally shrunk rate and the average coef f k:ient of thermal expansion of the porous sintered 
bodywmTmeiu^ as examplea of the present 

25 invention are given, and in Table 3, thoae es reference examples are given. 



Table 2 



Sample 
No. 


Compoaltion 


Porosity 
(%> 


Coefficient of 

dimensional shrinkage 
(%/10 cycles) 


Average coefficient of 
thermal expanskMi 


31 


Lao^Cao^Yo.3oMna9oNio.o6Cuoi>603 


32.1 


0.07 


10.5 


32 


Lao^Cao^DyojoMnaooMgo.ioQ3 


33^ 


0.02 


10.5 


33 


Lao-isCaoasSmo^Mno^BsAlaisOs 


30.9 


0.02 


10.7 


34 


i-aaagCaai5Ndo^no.a6COto.is03 


30.7 


0.03 


10.6 


35 


Lao.ioCao^Ndo.eoMno.«oNlo.io03 


31.7 


0.02 


10.6 


36 


Lao.2oSro^Yo^Mno.96Cro^03 


30.5 


0.03 


10.7 



45 



50 



55 
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Table 3 



Sample No. 


Composition 


Porosity (%) 


Coefficient of 
dlntensional shrinkage 
(%/10 cydee) 


Average coefficient of 
thermal expansion 
(>t1(h«K-') 


41 


Lao.76Cao.26Mno.t»Nlo.o 


33.1 


0.06 


11.2 


42 


Lao.7»Caa.2ftMno.9oMgo. 
loOs 


31.1 


0.02 


11.1 


43 


Lao.66Cao.»Mnoj6Alo.ii 
0, 


30.7 


0.01 


11.6 


44 


LaojeCaceMno^Coo. 
16O3 


32.2 


0.02 


11.3 


45 


Lao.7oCao.3oMiio.9oNlai 
0O3 


31.4 


0.03 


11.5 



In Sample No. 41 . the dimensionally shrunk rate of the porous sintered IxKjy Is conspteuously reduced t>y 
replacing a part of the B-sites by nk:kei and copper. However, when Sample No. 31 is compared with Sample 
No. 41, It Is seen that the average coefficient of thermal expansion can be conspkniously reduced by replacing 
a part of A-sit^by^yttrium in the.composltion hi which a part of the B-sites are replaced by ntekel and copper. 

Similarly, when Sample No. 32 is compared with Sample No. 42, it is seen that the average ooeff k:lent of 
thermal expa nston can be conspicuo usly reduced by replacing a part of A-sites by dysprosium in the compo- 
sition in which a part of B-sites are replaced by magnesium. 

When Sample No. 33 is compared with Sample No. 43. it is seen that the average coefficient of thermal 
expansion can be conspicuously reduced by replacing a part of A-eitee by samarium in the composltton In which 
a part of B-sites are replaced by aluminum. When Sample No. 34 is compared with Sample No. 44. it is seen 
that the average coefficient of thermal expanston can be conspicuously reduced by replacing a part of A-sltes 
by neodium in the composition in whtoh a part of the B-sites are replaced by nickel and cobalt 

Further, when Sample No. 35 is compared with Sample No. 45, the average coef f totont of thermal expan- 
ston can be conspicuously reduced by replacing a part of A-sites by neodium in the composition in which a 
part of B-sites are replaced by nickel. 

Further, when Sample Nos. 31-36 of the present inventton are compared with Sample Nos. 11 through 22, 
the dimensionally shrunk rates of the inventton porous sintered bodies are smaller, and the average coeffi- 
cients of thermal expansion thereof can be successfully suppressed to low levels. 

(Experirvwnt 3) 

As in the same as Experiment 1 . gh/en anrnxints of starting materials were selectively measured and mixed 
in each example to give a compounding recipe shown in Table 4 or 5. As the starting materials. LBaOa, Mn304. 
CazCOj. Y2O3. NiO. ZnO. PreO„, AI2O3. DyjOj. CoO, SnbO,. MgO. NdaOj, S1CO3. and Cr^ were used. 

in each Example, a porous sintered body was produced in the same manner as in Experiment 1. and ttie 
porosity, the dimens tonally shrunk rate and the average ooeff totont of thermal expanston of the porous sintered 
body were measured. Results are shown In Tables 4 and 5. in Tables 4 and 5. samptes as examples of the 
present inventton are given. Table 4 shows examples in which B-sites are replaced by one or moTB kinds of 
the third metals within the scope of the present inventton. Table 5 show examples in which the A-sifees aie re- 
placed by the first and second metallic elements, but no B-sites are replaced: 
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10 



15 



30 



35 



40 



Sample 
No. 


Composition 


Porosity 


VMJOTilClonl ui 

dimensional shrinkage 
(%/10 cydoa) 


Mverage coeificteni 
of them^ expansion 
(>c1(HK-t) 


51 


Lao^Caoj6YojoMnojoNlo.o6Znojo^3 


31.5 


0.33 


10.6 


52 


La<u6Cao^rojoMnojaAla.t6Q3 


33.2 


0.37 


10.5 


53 


LaauCao.i5Dyo^n(t9tfCoaMQs 


30.8 


0.41 


10.5 


54 


L«a36Cao26Smo^na9oMOai60i 


32.7 


0.06 


10.7 


55 


Lao.»CaojoNcio.BoMnojoNlaio03 


31.9 


0.29 


10.7 


56 


Lao.toSrojoNda.6oMnoj8Craii203 


31.1 


0.21 


10.7 


57 


lA>j6SrojoYo,(6Mno^io.ioCroj0609 


32.9 


0.19 


10.7 


58 


Laa36Sroj(oYo^no.9oNio.io03 


34.5 


0.28 


10.6 



20 






Tallies 














Coeff ictent of 


Average ooeff k^ient of 


25 


Sample No. 


Composition 


Porosity (%) 


dimensional shrinkage 
(%/10 cycles) 


thermal expansktn 
(>t1(h^-») 




61 


Lao>«Caoj»YojoMn03 


31.9 


0.67 


10.6 




62 


LaojsSro^Yo^nO, 


31.6 


0.96 


10.6 



When Sample No. 61 is compared with Sample Nos. 11 through 16 shown before In Table 1 . It is seen that 
with respect to the compositkMi in which the amount of the element replacing the A-sites is the same. Sample 
No. 61 has a lower average coeff teient of thenmal expanston and more excellent phy8k:al properties. 

When Sample No. 62 Is compared with Sample Nos. 21 and 22, it is seen that Sample No. €2 has a lower 
average coefficient of thermal expanskm and more excellent physteal properties. 

When Sample No. 51 is compared with Sample No. 61 in which the A^sites are replaced by calcium and 
yttrium, it is seen that the B-sites are replaced by nickel and zinc in Sample No. 51. in Sample No. 51, it is 
seen that the dimensionally shrunk rate is further reduced. 

When Sample No. 57 and Sample No. 62 are compared with each other in whtoh the A-sites are replaced 
by strontium and yttrium, it is seen that the B-sites are replaced by nkicel and chronium in Sample No. 57. In 
Sample No. 57. the dimenstonally shrunk rate is further reduced. 



(Experiment 4) 

45 In the same manner as menttoned above, porous sintered bodies having respective oomposittons shown 
in Table 6 were produced, and their various properties were measured as nnentkined before. Results are shown 
in TatHe 6. 



so 



55 
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Table 6 



5 


Sample No. 


Composition 


Porosity (%) 


Coefficient of 
dimensional 

(%/10 cydes) 


Average 

coefficient of 
thermal 


Electric 
conductivity 










expansion 

(kIO-^-') 


(S/cm) 


10 


71 


Lao.ioCaojoNdaeo 
Mn03 


30.3 


0.02 


10.0 


100 




72 


MnO, 


31.2 


0.02 


10.8 


102 



It is seen from the atx>ve results that when the replacing anwunt of calcium is around 25 to around 35% 
and if around 30 to around 60% of the B-sltas are replaced by a rare earth element, the dimenslonatly shrunk 
rate is not only reduced, but also the average coefficient of thermal expansion is reduced, and the electric con- 
ductivity is enhanced. Electric conductivity is shovm by index taking the result of Sample No. 71 as 100. 

Further. Fig. 1 shows measurement results of the average coefficient of thermal expanston with rasped 
20 to porous sintered bodies having the composltton of La-Ca-Nd series or Y-Mn series. It Is seen from Fig. 1 that 
when the replacing annount of calcium is around 35%, 20 to 60% of the B-sltes are replaced by the rare earth 
element or elements. 

Further, Fig. 2 shows measurement results of the average coeff toient of thermal expanston with respect 

to-porous 8intered<bodias-havlng4he^empo8itton-oH=a-GaY-^ results of 

25 Figs. 1 and 2 that when the replacing amount of caldum. etc. Is 5-1 5%, the replacing amount of the rare earth 
element or elements is preferably 20 to 60 %: when the replacing amount In the A-sitas is 15-30%, the replacing 
anxKint of the rare earth element is preferably 1 0 to 50%; when the replacing anmint of the A-eites is 30-40%. 
the replacing amount of the rare earth element Is preferably 30 to 60%; and when the replacing amount In the 
A-sttes Is not less than 40%, the replacing amount of the rare earth element Is preferably not less than 40%. 
30 With respect to a case where Nd, Sm and Gd are used as the rare earth element. It la oonf Irmed that results 
similar to those given at>ove were obtained. 

As mentioned above, when the porous sintered body according to the present inventton is subjected to 
heating/cooling cycles between a temperature range of room temperature to 600^ and a temperature range 
of 900 to 1000**C, the dinrtenstonat shrinkage of the porous sintered body can be largely suppressed. Therefore, 
35 when this porous sintered body is used as a material for a high temperature electrode, no cracking occurs be- 
tween the porous sintered body and the other constituent materials. In additton. since the average coefficient 
of thermal expanston of the porous sintered body in a temperature range of 25*C to 1000*0 can be suppressed 
to a relatively low range of 10.2 x 10-«K-i to 10.8 x 10-^~\ cracking and breakage due to difference in coef- 
ficient of thermal expanston between the other materials is not likely to occur. 

40 

Claims 

1. A porous sintered body comprising a perovskite-type composite oxkle. wherein A-eite of saki composite 
45 oxtoe are occupied by one or more kinds of first metalHc elements selected from the group consisting of 

calcium and strontium, one or more kinds of second metallic elements selected from the group consisting 
of rare earth elements and yttrium excluding lanthanum and cerium, and lanthanum, sato one or more 
kinds of said first metallic elements anKMjnt to 5 to 70 mol% of sato A-sites, and manganese is contained 
in B-sites of the composite oxtoe. 

so 

2. The porous sintered body set forth in aaim 1 , wherein one or more kinds of said second metellk: elements 
are selected from the group consisting of praseodymium, neodymium. samarium, dysprosium, gadolinium 
and yttrium. 

3. The porous sintered body setfbrth in Qaim 1 or2. wherein sato one or more kinds of sakJ second metallto 
elements anxxjnts to 1 to 80 mol% of sakS A-sites. 

4. The porous sintered body set forth In any one of Claims 1 through 3, wherein a part of sato B-eites are 
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occupM by one or more kinds of third metallic elements selected from the group consisting of aluminum, 
cobalt, magnesium and nickel, and the remainder of the B-sites are occupied by manganese. 

5. The porous sintered body set forth in any one of Claims 1 through 3. wherein a part of said B-sltes are 
occupied by one or more kinds of third metallic elements selected from the group consisting of chromium, 
copper, iron, titanium and tzinc, and the remainder of the B-aites are occupied by manganese. 

6. The porous sintered bodyjset forth in any one of Claims 1 through 3. wherein a part of said B-sttes are 
occupied by one or more kinds of third metallic elements selected from the group consisting of aluminum, 
cobalt, magnesium, nickel, chronium. copper, iron, titanium and zinc, and the remainder of the B-sites are 
occupied by manganese. 

7. The porous sintered body set forth in any one of Claims 1 through 3. wherein said B-sites are occupied 
by manganese. 

8. The porous sintered body set forth in any one of Claims 1 to 7, wherein the average coefficient of thermal 
expanston of the sintered body in a range from 25^*0 to IOOOH: is not less than 10.2 x 10-«K-^ and not 
more than 10.8 x 1Ch«K-t. 

9. The porous sintered body set forth in any one of Qaims 1 through 7. wherein thermal shrinkage of the 
20 porous sintered body caused by heat cyding between room temperature and 1000*>C is not more than 

0.01 % per one heat cyde. 

10. The porous sintered body set forth in any one of Daims 1 through 9, wherein porosity of the porous ein- 
tered body is not less than 5% and not nwe than 40%T 



15 



25 



30 



SO 



11. A solid oxide fuel cell, wherein an air electrode Is made of said porous sintered body set forth in any one 
of Claims 1 through 10. 

1Z The solid oxkle fuel ceil setforth in aaim 11. wherein said air electrode is one also functioning as a support 
for the fuel cell. 

13. The solid oxide fuel call set forth in aaim 12. wherein saM air electrode has a cylindrical shape. 



55 
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FIG. I 




Replaced ratio (%) 

^-OoesaCaossAxMnOs 
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FIG. 2 




Yttorium replaced ratio (%) 

Loi^^y CagYyMnO 
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